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Summary
Introduction: Many techniques for arthroscopic subtalar arthrodesis have been described since
1985. The procedure can be challenging because posterior and anterior portals are used con-
jointly with distraction. A posterior 2-portal approach was described in 2000.
Hypothesis: The goal of this study was to evaluate the quality of the freshening that can be
achieved in the posterior subtalar joint using this approach. Does a posterior 2-portal approach
allow for a complete freshening of the posterior subtalar joint?
Material and methods: Freshening was performed through an arthroscopic posterior 2-portal
approach on 10 cadavers. The quality of bone freshening and proximity of the neurovascular
structures to the posterior portals were subsequently evaluated by dissection.
Results: There was one partial laceration of the sural nerve. The posteromedial portal was
6.8mm (95% CI: 4.4 to 9.2) away from the posterior tibial vascular pedicle. The entire talar
and calcaneal articular surfaces of the posterior subtalar joint were freshened. In eight of 10
cases (95% CI: 48 to 95%), the posteromedial process of the talus prevented contact between
fragments.
Discussion: This study showed that the entire posterior subtalar joint can be freshened through
an arthroscopic posterior 2-portal approach with little morbidity.
Level of evidence: Level IV.
© 2011 Elsevier Masson SAS. All
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ligament of the tarsal sinus in the front to the medial and
lateral edges of the cartilage (Figs. 3 and 4) (97.5% CI: 68 to
100%).Risks relating to posterior 2-portal arthroscopic subtalar art
Introduction
A fusion rate of 84 to 100% has been reported when an
open procedure is used for subtalar joint fusion [1,2], how-
ever the complication rate can reach 48% [1]. The use of
arthroscopy has reduced hospitalization time, complications
and nonunion rate [3—9], however the ﬁrst techniques used
were quite difﬁcult to perform [3]. More recently, a pos-
terior 2-portal approach was proposed for this procedure
[10]. However the quality of the fusion must not be com-
promised by choosing to perform this simpliﬁed procedure
with fewer portals. This led us to perform a cadaver study
to evaluate iatrogenic risks and the quality of subchondral
freshening. We wanted to be sure that this technically more
simple procedure maintains the low surgical morbidity and
optimal bone freshening that is required for successful joint
fusion.
Material and methods
This study was performed on the two ankles from ﬁve cadav-
ers (3 women, 2 men), thus 10 procedures. None of the
ankles had any scars. The procedure was performed accord-
ing to the technique described by Van Dijk et al. [10] by two
surgeons who were not familiar with this technique.
The subject was placed prone with the foot hanging
freely, so that the ankle and hindfoot could be manipulated.
The arthroscope portal was placed lateral to the Achilles
tendon, 0.5 cm above the lateral malleolus. A 4mm trocar
was aimed towards the ﬁrst web and advanced until it con-
tacted bone. The trocar was moved from proximal to distal
in the sagittal plane to locate the posterior talar process.
Once the arthroscope portal was in place, the posterome-
dial portal was set up in contact with the Achilles tendon but
perpendicular to the ﬁrst portal so as to not injure the pos-
terior tibial vascular pedicle. A 3.5 or 4mm shaver was used
to create a workspace. The workspace was deﬁned medi-
ally by the ﬂexor hallucis longus tendon, as this protects the
posterior tibial vascular pedicle. The subtalar joint was then
progressively visualized under the posterior talar process. A
notch was sometimes made in this process to allow good
visualization of the posterior subtalar joint, but the process
was not resected.
Joint freshening was performed with a curette and
0.5mm wide bone scissors. This posterior to anterior fresh-
ening allowed the arthroscope and instruments to move into
the subtalar space. Freshening was performed until the two
surgeons observed through the arthroscope that the sub-
chondral bone was completely and evenly exposed up to
the talocalcaneal interosseous ligament in front. The portals
were then reversed to verify and ﬁnish the freshening.
In the second step, a layer-by-layer dissection of each
specimen was conducted to evaluate the spatial relationship
and neurovascular injuries induced by each of the two por-
tals. The foot was kept at a right angle and a trocar placed
in each scope and instrument portal during the dissection
for reference. The shortest distance between the outside
edge of the trocar and the epineurium was measured. The
posterior subtalar joint was then disarticulated using a pos-
terior approach to evaluate the quality of the freshening on
the calcaneal and talar surfaces of the joint. An anterior
F
tigure 1 Injury to the sural nerve with the posterolateral
ortal.
inge maintained the relationship between the bones and
llowed any areas that were not sufﬁciently freshened to
e located. A photograph was taken of each articular sur-
ace, in the same plane as the freshened surface. This digital
mage was used to calculate the ratio of freshened to non-
reshened surface, after these areas were delimiting using
maging software (Image J, Sun Microsystems, Inc. 901 San
ntonio Road, Palo Alto, California 94303). Based on the data
n these specimens, we established conﬁdence intervals for
he general population.
esults
ne partial laceration of the sural nerve was observed,
hich represents 10% of the cases (Fig. 1). Because of the
mall number of cases, the 95% conﬁdence interval resulted
n a range of 0.01% to 42% for the risk of sural nerve injury,
hich is not statistically sound.
The average distance between the posteromedial portal
nd the posterior tibial neurovascular bundle was 6.8mm
95% CI: 4.4 to 9.2). The closest structure was the posterior
ibial nerve. There were no injuries to the ﬂexor hallucis
ongus tendon (Fig. 2).
In all the specimens, the entire inferior articular surface
f the talus and the superior articular surface of the cal-
aneus was freshened, from the talocalcaneal interosseousigure 2 Spatial relationship between the posteromedial por-
al and the neurovascular elements.
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tigure 3 Caudal view. Freshening of the entire talar surface
f the subtalar joint.
Bone contact after freshening was then evaluated.
here was contact between the freshened surfaces in
wo of the 10 cases (Fig. 5). Conversely, in eight of
0 cases (95% CI: 48-95%), a gap still existed. This
ccurred because a protuberance of the posteromedial
ubercle of the talus persisted in front and inside of
he ﬂexor hallucis longus tendon groove. This tubercle
as not covered with cartilage. It was difﬁcult to visu-
lize intraoperatively because of the presence of the
ynovial membrane and ﬂexor hallucis longus tendon.
his impingement revealed itself after the bones were
igure 4 Cranial view. Freshening of the entire calcaneal sur-
ace of the subtalar joint.
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FFigure 5 Contact after the subchondral freshening.
reated with sodium hydroxide to remove the soft tissues
Figs. 6—8).
iscussion
he use of posterior portals for the treatment of injuries
o the posterior ankle has progressed slowly, even if it
as ﬁrst described over 20 years ago. In 1985, Parisien
nd Vangsness proposed that posterior and anterior portals
e used together to explore the subtalar joint [11]. They
ublished a cadaver study in 1987 describing in detail the
ositioning of the anterolateral and anteromedial portals,
long with the posterolateral and posteromedial portals to
void the neurovascular structures [12].
The adoption and use of these portals slowed down when
tudies describing the risk of the posteromedial portal were
ublished [13,14]. Ferkel et al. [14] advised against use of
he posteromedial portal. Feiwell and Frey [13] considered
t to be risky because of the proximity of the posterior tib-
al nerve (7.5mm). This value is similar to the value of
.8mm (95% CI: 4.4—9.2) found in our study. Lijoi et al.
15] measured a distance of 14.7mm (range 8 to 20). Urgu-
igure 6 View of the calcaneus from above, left foot.
Risks relating to posterior 2-portal arthroscopic subtalar arthrod
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den et al. [16] measured 16.5± 5.6mm and speciﬁed that
the safest introduction method was to place the portals
with the foot in a neutral position, as described by Van
Dijk et al. [10]. This distance was measured based on MRI
images. The optimal placement of the portals was said to be
in contact with the triceps surae muscle, but the diameter
of the arthroscope was not taken into account for the mea-
surement. Initial placement of the posterolateral portal and
methodical preparation of the work space were important
to preventing injuries of the posterior tibial neurovascular
structures, as suggested by Acevedo et al. and Sitler et al.
[17,18].
Others have described approaches that should be safer
for the posterior tibial vascular pedicle: through the Achilles
tendon [19], from inside to outside posteromedial, in
contact with the medial malleolus [16,17,20]. But these
are not completely free of risks. The trans-Achilles tendon
approach is not fully endorsed, as some believe it is too
traumatic for the tendon [14,21]. A number of factors have
led to safer use of the posteromedial portal: an increasing
number of indications for arthroscopic evaluation and treat-
ment of hindfoot injuries, precise anatomical description of
the region, knowledge that the posterolateral portal should
be placed ﬁrst before the posteromedial portal is placed
perpendicular to it and level with the Achilles tendon, and
the deﬁnition of a safe zone located outside of the ﬂexor
hallucis longus tendon.
Figure 8 Left ankle, posteromedial view from the calcaneal
tuberosity. Persistence of a posteromedial process which inter-
feres in the contact between freshened subchondral surfaces in
the subtalar joint.
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The posterolateral portal is a potential source of iatro-
enicity as demonstrated by the sural nerve injury. This risk
as been highlighted by most of the studies on this subject
22,23], especially the one performed by Abramowitz et al.
22]. Urguden et al. [16] found that the sural nerve was
ocated on average at 11.3 to 13.5mm from the optimal
osterolateral portal position, depending on the position of
he foot. They showed that isolated fusion of the posterior
art of the subtalar joint was sufﬁcient to ensure ankylosis
f all components of this joint [24].
Arthroscopic techniques for posterior subtalar joint
usion were initially developed while avoiding use of the
osteromedial portal. Many authors combined anterior and
osterior portals [11,25] with scopes of different sizes (2.7
nd 3.5mm) since this joint is difﬁcult to explore, even with
se of a distractor [25—27]. Phisitkul et al. [26] evaluated
he percent of the subtalar surface that could be visualized
hen using multiple portals. They were able to visualize
3%± 13% of the total surface area by using both the pos-
eromedial and posterolateral portals. In a study with 15
adaver specimens, Frey et al. [25] evaluated the amount
f subtalar surface that could be freshened by combining
nterolateral and posterolateral portals. They were able to
reshen 90% of the articular surface with a 2.7mm arthro-
cope without using a distractor. There was no access to
edial aspect of the posterior subtalar joint, even when
hese portals were used in combination. In our study, the
ntire articular surface of the posterior subtalar joint was
reshened with a 4mm arthroscope and no distraction. How-
ver, in cases such as talocalcaneal coalition, access to the
osterior subtalar joint could be difﬁcult with a posterior 2-
ortal approach. Beimers et al. [16] suggest adding a third
ccessory port in the tarsal sinus to introduce a trocar and
rovide a degree of distraction.
The potential persistence of a protuberance in the pos-
eromedial tubercle of the talus could interfere with the
ontact between fragments when compression is applied
uring fusion or protect against this interfragment contact in
he posterior subtalar joint. In fact, if a compression of the
osterior subtalar joint seems advantageous to the fusion,
here would also be a risk of impingement under the lateral
alleolus. This could also result in anterior subtalar joint
iastasis and joint incongruency [28,29].
onclusion
his study conﬁrmed the feasibility of the posterior 2-portal
pproach, which results in an even freshening of the pos-
erior subtalar articular surface. The cadaver study showed
hat a posteromedial bony protuberance remained in eight
f 10 cases, even though the posterior subtalar articular
urfaces had been completely freshened.isclosure of interest
he authors declare that they have no conﬂicts of interest
oncerning this article.
4R
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[00
eferences
[1] Easley ME, Trnka HJ, Schon LC, Myerson MS. Isolated subtalar
arthrodesis. J Bone Joint Surg Am 2000;82:613—24.
[2] Mann RA, Beaman DN, Horton GA. Isolated subtalar arthrodesis.
Foot Ankle Int 1998;19:511—9.
[3] Lundeen RO. Arthroscopic fusion of the ankle and subtalar
joint. Clin Podiatr Med Surg 1994;11:395—406.
[4] Tasto JP. Arthroscopic subtalar arthrodesis. Techniques in foot
and ankle surgery 2003;2:122—8.
[5] Glanzmann MC, Sanhueza-Hernandez R. Arthroscopic subtalar
arthrodesis for symptomatic osteoarthritis of the hindfoot: a
prospective study of 41 cases. Foot Ankle Int 2007;28:2—7.
[6] Amendola A, Lee KB, Saltzman CL, Suh JS. Technique and early
experience with posterior arthroscopic subtalar arthrodesis.
Foot Ankle Int 2007;28:298—302.
[7] El Shazly O, Nassar W, El Badrawy A. Arthroscopic subta-
lar fusion for post-traumatic subtalar arthritis. Arthroscopy
2009;25:783—7.
[8] Beimers L, Frey C, van Dijk CN. Arthroscopy of the posterior
subtalar joint. Foot Ankle Clin 2006;11:369—90.
[9] Beimers L, de Leeuw PA, van Dijk CN. A 3-portal approach for
arthroscopic subtalar arthrodesis. Knee Surg Sports Traumatol
Arthrosc 2009;17:830—4.
10] van Dijk CN, Scholten PE, Krips R. A 2-portal endoscopic
approach for diagnosis and treatment of posterior ankle pathol-
ogy. Arthroscopy 2000;16:871—6.
11] Parisien JS, Vangsness T. Arthroscopy of the subtalar joint: an
experimental approach. Arthroscopy 1985;1:53—7.
12] Parisien JS, Vangsness T, Feldman R. Diagnostic and opera-
tive arthroscopy of the ankle. An experimental approach. Clin
Orthop Relat Res 1987;224:228—36.
13] Feiwell LA, Frey C. Anatomic study of arthroscopic portal sites
of the ankle. Foot Ankle 1993;14:142—7.
14] Ferkel RD, Small HN, Gittins JE. Complications in foot and ankle
arthroscopy. Clin Orthop Relat Res 2001;391:89—104.
15] Lijoi F, Lughi M, Baccarani G. Posterior arthroscopic approach
to the ankle: an anatomic study. Arthroscopy 2003;19:62—7.
16] Urguden M, Cevikol C, Dabak TK, Karaali K, Aydin AT, Apaydin
A. Effect of joint motion on safety of portals in posterior ankle
arthroscopy. Arthroscopy 2009;25:1442—6.
[F. Mouilhade et al.
17] Acevedo JI, Busch MT, Ganey TM, Hutton WC, Ogden JA.
Coaxial portals for posterior ankle arthroscopy: an anatomic
study with clinical correlation on 29 patients. Arthroscopy
2000;16:836—42.
18] Sitler DF, Amendola A, Bailey CS, Thain LM, Spouge A. Posterior
ankle arthroscopy: an anatomic study. J Bone Joint Surg Am
2002;84:763—9.
19] Voto SJ, Ewing JW, Fleissner Jr PR, Alfonso M, Kufel M. Ankle
arthroscopy: neurovascular and arthroscopic anatomy of stan-
dard and trans-Achilles tendon portal placement. Arthroscopy
1989;5:41—6.
20] Mandrino A, Chabaud B, Moyen B, Brunet-Guedj E. Arthroscopie
de la cheville : un nouveau point d’entrée postéro-interne. Rev
Chir Orthop 1994;80:342—5.
21] Bonnomet F.Arthroscopie de cheville : installation, voies
d’abord, exploration normale in arthroscopie. Elsevier, édi-
teur; 2006. p. 261—5.
22] Abramowitz Y, Wollstein R, Barzilay Y, London E, Matan
Y, Shabat S, et al. Outcome of resection of a symp-
tomatic os trigonum. J Bone Joint Surg Am 2003;85:
1051—7.
23] Tasto JP. Arthroscopy of the subtalar joint and arthro-
scopic subtalar arthrodesis. Instr Course Lect 2006;55:
555—64.
24] Gallie W. Subastragalar arthrodesis in fractures of the os calcis.
J Bone Joint Surg 1943;25:731.
25] Frey C, Halikus NM, Vu-Rose T, Ebramzadeh E. A review of ankle
arthrodesis: predisposing factors to nonunion. Foot Ankle Int
1994;15:581—4.
26] Phisitkul P, Tochigi Y, Saltzman CL, Amendola A. Arthroscopic
visualization of the posterior subtalar joint in the prone posi-
tion: a cadaver study. Arthroscopy 2006;22:511—5.
27] BreslerF, Nicolay X, Roche O. Arthroscopie sub-talienne. Bases
anatomiques et technique. In: Annales de la Société Franc¸aise
d’Arthroscopie. Montpellier: Sauramps, éditeur; 1994. p.
165—6.
28] Trnka HJ, Easley ME, Lam PW, Anderson CD, Schon LC, Myerson
MS. Subtalar distraction bone block arthrodesis. J Bone Joint
Surg Br 2001;83:849—54.
29] Sammarco GJ, Tablante EB. Subtalar arthrodesis. Clin Orthop
Relat Res 1998;349:73—80.
